† Currently, only a few regional anaesthesia techniques have been shown to reduce postoperative pain, and these only in a limited number of surgical procedures.
Summary. The development of analgesic interventions in paediatric surgical patients is often limited by the inherent difficulties of conducting large randomized clinical trials to test interventions in those patients. Regional anaesthesia is a valid strategy to improve postoperative pain in the adult surgical population, but the effects of regional anaesthesia on postoperative pain outcomes in paediatric patients are currently not well defined. The main objective of the current review was to systematically evaluate the use of regional anaesthesia techniques to minimize postoperative pain in paediatric patients. A systematic search was performed to identify randomized controlled trials that evaluated the effects of the regional anaesthesia techniques on postoperative pain outcomes in paediatric surgical patients' procedures. Seventy-three studies on 5125 paediatric patients were evaluated. Only few surgical procedures had more than one small randomized controlled trial favouring the use of regional anaesthesia to minimize postoperative pain (ophthalmological surgery, cleft lip repair, inguinal hernia, and urological procedures). Additional evidence is required to support the use of specific regional anaesthesia techniques to improve postoperative pain for several surgical procedures (craniectomy, adenotonsillectomy, appendectomy, cardiac surgery, umbilical hernia repair, upper and lower extremity) in paediatric patients. Currently, only a very limited number of regional anaesthesia techniques have demonstrated significant improvement on postoperative pain outcomes for a restricted number of surgical procedures. More studies are needed in order to establish regional anaesthesia as a valid strategy to improve analgesia in the paediatric surgical population.
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Optimal postoperative pain control remains a goal to be achieved in the surgical population.
1 2 For paediatric patients having surgery, the development and implementation of analgesic techniques are often delayed by the inherent difficulties of conducting a large randomized clinical trial in that patient population. 3 4 In order to circumvent those difficulties, a large multi-institutional collaboration group has generated observational data to provide evidence for the use of regional anaesthesia in children. 5 6 Nevertheless, observational studies often contain systematic bias that are often difficult to control even with rigorous statistical methods. 7 8 In 1963, Taylor and colleagues 9 described the use of a regional anaesthesia technique (retrobulbar block) to prevent the development of oculo-cardiac reflex in children compared with systemic atropine. Since then, several clinical studies have evaluated the use of regional blocks not only to minimize systemic drug effects but also to improve postoperative analgesia in the paediatric population with varying benefits. Currently, it is not well defined which regional blocks provide the greater rates of optimal postoperative pain control in children undergoing different surgical procedures. In addition, the rates of regional anaesthesia complications reported by clinical studies have yet to be systematically studied in the same population.
The main objective of the current review was to evaluate systematically the use of regional anaesthesia techniques to minimize postoperative pain in paediatric patients undergoing different surgical procedures. We also sought to examine complications associated with the use of regional anaesthesia in the same population. paediatric patients were searched using the National Library of Medicine's Pubmed database, the Cochrane Database of Systematic Reviews, and Google Scholar inclusive to May 21, 2013 . Free text and MeSH terms 'blocks', 'pain', 'regional' 'postoperative', 'surgery ', 'analgesia', and 'opioid' were used individually and in various combinations. No language restriction was used. The search was limited to human subjects younger than 18 yr of age. An attempt to identify additional studies not found by the primary search methods was made by reviewing the reference lists from identified studies. No search was performed for unpublished studies. This initial search yielded 775 randomized clinical trials.
Selection of included studies
The study's inclusion and exclusion criteria were determined before the systematic search. Two authors (G.S.D.O. and K.S.) independently evaluated the abstract and results of the 775 articles obtained by the initial search. Articles that were clearly not relevant based on our inclusion and exclusion criteria were excluded at this phase. Disagreements on inclusion of the articles were resolved by discussion among the evaluators. If an agreement could not be reached, the dispute was resolved with the help of a third investigator (S.S.). The third investigator was blinded regarding evaluation of the first two authors.
Inclusion and exclusion criteria
We included randomized controlled trials that compared perioperative regional blocks with local anaesthetics and a control group in paediatric patients undergoing surgical procedures. Studies containing a concurrent use of an alternative multimodal analgesia regimen were excluded if a direct comparison between a regional anaesthesia technique and control could not be established. Studies that provided a direct comparison between two different regional anaesthetic techniques, two different local anaesthetics and/or comparisons involving a block adjunct were included. Included studies had to report at least on pain scores or opioid consumption as postoperative pain outcomes. No minimum sample size was required for inclusion in the meta-analysis (Fig. 1) .
Validity scoring
Two authors (G.S.D.O. and K.S.) independently read the included reports and assessed their methodological validity using a modified Jadad five-point quality scale. 11 The scale evaluates the study for the following: randomization, doubleblind evaluation, concealment of study group to evaluator, valid randomization method, and completeness of data at follow-up. Discrepancies in rating of the trials were resolved by discussion among the evaluators. If an agreement could not be reached, the dispute was resolved with the help of a third investigator (S.S.). As only randomized trials were included in the analysis, the minimum possible score of an included trial was 1 and the maximum was 5. Trials were not excluded from the evaluation based on quality assessment scores.
Data extraction
Two authors (G.S.D.O. and K.S.) independently evaluated the full manuscripts of all included trials and performed data extraction using a data collection form specifically developed for this review. Discrepancies were resolved by discussion between the two investigators (G.S.D.O. and K.S.). If an agreement could not be reached between the two investigators, the decision was made by a third investigator (S.S.). Data extracted from trials included the local anaesthetic type and dose, nerve block type, sample size, number of subjects in treatment groups, follow-up period, type of surgery, early pain scores (≤4 h) and late pain scores (24 h) at rest, cumulative opioid consumption, time to rescue analgesic administration (min), and adverse events. operation); and cumulative opioid consumption (24 h) in the postoperative period.
Definition of relevant outcome data

Secondary outcomes
The time to first analgesic administration (min); adverse events including: postoperative hypotension, nerve damage, and local anaesthetic toxicity.
Meta-analyses
Since the study comparisons were clinically heterogeneous and/or the number of studies with homogenous comparisons were small (≤three studies), a qualitative description of outcomes was considered more appropriate to evaluate the included studies. We, therefore, did not evaluate the presence of publication bias as we did in our previous studies.
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Results
We evaluated 73 studies on 5125 paediatric patients. The median [inter-quartile range (IQR)] for the Jadad score of included studies was 3 (2 -4). The median (IQR) of subjects receiving a regional anaesthetic technique was 29 (20 -42) . The characteristics of included studies are presented in Table 1 .
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Craniectomy
One study evaluated the effect of a skull block with bupivacaine compared with the control on postoperative pain outcomes. 15 Pain scores and analgesic requirements were greater in the control group compared with the nerve block group. In addition, the authors reported a greater but not statistically significant rate of focal neurological infarction in the control group compared with the skull block group, odds ratio (95% confidence interval) of 3.2 (0.6-18.4).
Ophthalmological surgery
Five studies have examined the effect of regional anaesthesia techniques on postoperative analgesia outcomes in paediatric patients undergoing ophthalmological surgery. 16 -20 Only one study reported on the performance of the retrobulbar block with no improvement in postoperative pain outcomes compared with the control. 16 Two studies evaluated the use of peribulbar block in children undergoing ophthalmic surgery. 17 18 Both studies reported lower analgesic requirements and lower postoperative pain scores in the peribulbar block group compared with the control. Two studies examined the effect of the subtenon block on postoperative analgesia outcomes in paediatric patients undergoing ophthalmic surgery. 19 20 Both studies reported lower analgesic requirements and lower postoperative pain scores in the subtenon block group compared with the control group.
Otologic surgery
Three studies evaluated the effect of nerve blocks on postoperative analgesia in paediatric patients undergoing otologic surgery. 21 -23 Two studies examined the sole use of the great auricular nerve block 21 22 and one study examined the block of both the great auricular and occipital nerve. 23 None of the included studies demonstrated an advantage of the nerve block compared with the control with regard to postoperative pain, analgesic consumption, or both.
Tonsillectomy
Only one study evaluated the use of regional anaesthesia (bilateral glossopharyngeal block) to improve analgesia for adenotonsillectomy surgery. 24 The authors detected an improvement in postoperative pain scores and longer analgesia duration in the group who received a glossopharyngeal nerve block compared with the control. The authors did not report on the development of complications related to the performance of the block.
Cleft palate repair
Two studies evaluated the use of peripheral nerve blocks on cleft palate repair. 25 26 In one study, the authors found that a palatal block (blocking of naso palatine, greater, and lesser palatine nerves) improved postoperative pain scores. 25 Another study examined the addition of dexmedetomidine to bupivacaine on the duration of postoperative analgesia in patients receiving greater palatine nerve block for cleft palate repair. 26 The authors demonstrated that the group who received bupivacaine alone had greater pain scores and requested rescue analgesia sooner compared with the group who received bupivacaine and dexmedetomidine as a block adjunct.
Cleft lip repair
Five studies examined regional anaesthesia and its effects on postoperative analgesia in cleft lip repair procedures. 27 -31 Three of these studies evaluated the effect of infraorbital nerve block compared with a control group. 27 29 31 In all three studies, the infraorbital nerve block was found to be superior in postoperative analgesia compared with the control group. One study reported that the addition of meperidine to bupivacaine for infraoral and infraorbital peripheral nerve blocks increased the duration of postoperative analgesia in cleft lip repair surgery compared with bupivacaine alone. 30 Another study examined if the addition of systemic fentanyl would improve the analgesic benefits of bilateral infraorbital nerve blocks, but the authors did not detect a difference in postoperative analgesia outcomes. 28 
Appendectomy
Three studies evaluated the effects of regional anaesthesia techniques on postoperative analgesia in children undergoing appendectomies. 32 -34 One study looked at unilateral transversus abdominis plane (TAP) blocks for open appendectomy and concluded that the TAP block was superior to the control for postoperative pain control. 32 In contrast, a different study found no difference in postoperative pain control between TAP block and control in laparoscopic appendectomy cases. 33 One study examined somatic paravertebral block vs control in subjects undergoing open appendectomy. 34 The authors 
Cardiac
One study examined the effect of parasternal intercostal blocks in paediatric patients undergoing cardiac surgery. 35 The authors found that the subjects who received a parasternal intercostal block had shorter time to extubation, lower pain scores, and lower fentanyl requirements at 24 h compared with the control. Another study evaluated the use of a continuous incisional infusion of 0.25% bupivacaine compared with saline for open heart surgery. 88 The authors detected an opioid-sparing effect of the local anaesthetic compared with saline.
Upper extremity
Six studies have evaluated peripheral nerve block in paediatric patients for procedures involving the upper extremities. 36 -41 One study examined the wrist block for minor hand surgery and demonstrated an improvement on analgesia outcomes in subjects who received the wrist block compared with the control. 36 Trifa and colleagues 37 did not detect a benefit of the perineural addition of clonidine for an axillary block compared with the control on postoperative pain outcomes. One study evaluated the time of the axillary block performance (preoperative vs postoperative) on pain outcomes in forearm or hand surgery. 38 The authors concluded that presurgical block was not superior to post-surgical block.
One investigation compared the use of nerve stimulation to ultrasound guidance for infraclavicular blocks in patients undergoing surgery for radial club hands. 39 The authors did not detect a benefit of the ultrasound compared with nerve stimulator technique on postoperative pain outcomes. Another study did not find a benefit on analgesia outcome when the infraclavicular and supraclavicular approaches were compared. 40 Carre and colleagues 41 did not detect a benefit on the number of injections of an axillary nerve block on postoperative pain outcomes.
Hip and pelvis
Only one study examined a regional anaesthesia technique in children for hip or pelvic surgeries. 42 Omar and colleagues 42 compared postoperative analgesic effects of psoas compartment block vs a caudal block in paediatric patients undergoing hip reduction/osteotomies. They found that the children in the caudal group used more morphine in 24 h after operation and needed rescue analgesia sooner than the psoas compartment block group. In addition, the caudal group was more likely to develop urinary retention.
Lower extremity
Five studies evaluated peripheral nerve block for children undergoing lower extremity surgical procedures, including the thigh, knee, and foot. 43 -46 For procedures involving the anterior and lateral thigh, Kim and colleagues 43 found that patients who received a fascia iliaca compartment block had significantly lower pain scores on arrival to the postanaesthesia care unit (PACU) compared with the control. Another study compared the femoral nerve block with the fascia iliac block in reconstructive knee surgery. 44 The authors found no difference in pain scores or postoperative morphine consumption between the two regional blocks. Oberndorfer and colleagues 45 examined ultrasound-guided vs nerve stimulator-guided sciatic and femoral nerve blocks in children. They concluded that ultrasound-guided sciatic and femoral nerve blocks in the paediatric population had a longer duration of analgesia when compared with the nerve stimulator technique. The prolonged sensory block was also achieved with less volume of local anaesthetic. One study, in a suboptimal design, compared the caudal block vs sciatic and femoral nerve block vs sciatic and saphenous nerve block vs sciatic with infiltrative anaesthesia along medial incision for club foot surgery. 46 The four groups did not differ with regard to total consumption of postoperative morphine.
Umbilical hernia
Two studies examined the effect of the rectus sheath blocks compared with the control in analgesic efficiency after operation for umbilical hernia repair surgery. Both studies found no statistically significant difference in postoperative opioid consumption between the two groups. 47 48
Inguinal hernia and groin
Several studies examine the role of regional anaesthesia techniques on postoperative pain outcomes in the paediatric population for inguinal and groin procedures. 49 -70 Three investigations examined the paravertebral block for inguinal procedures in children. 49 55 66 Naja and colleagues 49 compared paravertebral block with a control group and demonstrated improved postoperative analgesia outcomes in the paravertebral block group. The same author then examined the ilioinguinal nerve blocks when compared with paravertebral blocks in similar surgeries. 55 Consumption of analgesics was significantly greater in the ilioinguinal nerve block group during the first 36 h after operation, and pain scores were significantly less in the paravertebral group. Another research group compared the caudal vs paravertebral blocks in children undergoing inguinal hernia procedures. 66 The paravertebral group needed significantly less rescue analgesia when compared with the caudal group. Several investigations have evaluated the caudal block for inguinal hernia surgery. Splinter and colleagues 64 compared the caudal block with a control for hernia repair procedures. They found no difference in postoperative pain scores and overall opioid consumption between the two groups; however, the control group did require more acetaminophen when compared with the caudal group. Another study compared caudal block and ilioinguinal -iliohypogastric nerve blocks with clonidine for inguinal surgery in children. 62 The investigators found no difference in pain scores, time to recovery, and need for rescue analgesia between the two techniques.
Multiple studies have examined different drug dosing for caudal blocks in children. Bosenberg and colleagues 68 looked at caudal blocks for inguinal surgery using the same volume of either 1, 2, or 3 mg ml 21 of ropivacaine. The authors concluded that 2 mg ml 21 ropivacaine provided superior postoperative analgesia compared with 1 mg ml 21 , and less incident of motor block compared with 3 mg ml 21 ropivacaine.
Two studies compared bupivacaine with ropivacaine for caudal blocks in paediatric patients undergoing inguinal surgery. 67 70 Both showed no differences in analgesia between the two groups, but did find less motor block in the ropivacaine group compared with bupivacaine. The study of Breschan and colleagues 67 also compared levobupivacaine, which also did not differ in analgesia, with bupivacaine or ropivacaine. Senel and colleagues 69 studied the bupivacaine-tramadol combination caudal when compared with bupivacaine alone and tramadol alone for inguinal surgery. The authors found that analgesia time was superior in the bupivacaine and tramadol caudal group. The tramadol alone caudal group required more analgesia after operation and had higher pain scores at 4 and 6 h after operation compared with the groups with bupivacaine in the caudal block. Three studies examined the ilioinguinal-iliohypogastric nerve blocks when compared with the control for groin surgeries in children. 50 57 65 Two studies concluded that postoperative pain outcomes were improved with the ilioinguinaliliohypogastric blocks. 50 67 One study found that patients in an i.v. tramadol group experienced less pain at the second and third postoperative days. 60 Another study compared ilioinguinal blocks with TAP blocks for postoperative analgesia in children for inguinal surgery. 51 Patients receiving TAP blocks were more likely to report pain and required more rescue analgesia when compared with the ilioinguinal block group.
Multiple different techniques have been evaluated with regard to ilioinguinal -iliohypogastric nerve blocks in paediatric patients undergoing groin surgery. It has been shown that an ultrasound-guided approach to ilioinguinal nerve block compared with landmark approach allows for lower need of intraoperative analgesia. 53 Another study looked at a single-shot vs double-shot ilioinguinal -iliohypogastric nerve block technique but did not find benefits on postoperative analgesic outcomes between the techniques. 63 The fascial click method proved to be inferior compared with ultrasound-guided ilioinguinal -iliohypogastric blocks for groin surgery in paediatric patients. 59 Intraoperative and postoperative analgesia requirements were significantly lower with the ultrasoundguided approach. Kundra and colleagues 56 examined the effect of needle insertion site on ilioinguinal-iliohypogastric nerve blocks in children undergoing groin surgery. The authors found that all four different insertion sites could be used to successfully achieve analgesia, and that all the insertion sites had lower pain scores and less opioid requirements compared with the control. There was one isolated incident of transient femoral nerve palsy in the inferomedial group. Four articles examine the effect of local anaesthetic dosing on pain outcomes of the ilioinguinal-iliohypogastric nerve blocks in children undergoing groin surgery. 52 54 58 61 Trifa and colleagues 54 found that a more efficient block is achieved when using a high-concentration/low-volume dose of ropivacaine when compared with high-volume/low-concentration that resulted in less need for postoperative analgesics. One study looked at three different concentrations of levobupivacaine in ilioinguinal-iliohypogastric blocks for paediatric patients undergoing ambulatory surgery. 52 The investigators found that pain scores were higher in the 0.125% group when compared with 0.25% or 0.375% at 15, 20, 25, and 30 min after operation. A comparison of ropivacaine, bupivacaine, and lidocaine for ilioinguinal nerve block in children for ambulatory surgery detected that pain scores were lower in the ropivacaine and bupivacaine groups when compared with the lidocaine group. 61 One study evaluated the addition of clonidine to bupivacaine for ilioinguinal -iliohypogastric nerve blocks in paediatric patients undergoing groin surgery. 58 This study found no difference in postoperative pain outcomes between the two groups.
Circumcision
Two trials compared penile blocks with caudal blocks in children with regard to postoperative pain outcomes. 74 83 One study found a statistical significance difference in the time to first analgesic requirement favouring the caudal group over the control group when the caudal block was performed with 0.25% bupivacaine and 0.5 mg kg 21 of ketamine. 74 Another study did not show a significant difference in analgesia between the penile block and caudal block. 83 Two studies compared the penile ring block with the control, and found that the ring block was superior for postoperative analgesic outcomes. 78 82 One study compared the penile ring block with dorsal penile nerve block with eutectic mixture of local anaesthetic (EMLA) cream and placebo. 80 The authors found that all three treatment groups were superior to placebo, with the most effective being the ring block. Four studies compared EMLA cream with dorsal penile nerve blocks in paediatric patients undergoing circumcision. 76 77 79 Three of these studies were done in newborns and found that the dorsal nerve penile block was superior to EMLA cream or placebo in postoperative pain outcomes. 76 77 79 Two studies compared ultrasound-guided and the landmark-based approaches for dorsal penile nerve blocks in patients undergoing circumcision. 71 73 The study of O'Sullivan and colleagues 71 found no differences in opioid consumption between the two groups, but the ultrasound-guided technique required longer times to be performed compared with the landmark-based approach. In contrast, the study by Faraoni and colleagues 73 demonstrated that the ultrasound-guided dorsal penile nerve block was associated with decreased pain scores on arrival to PACU and 30 min after, and also longer time until rescue analgesia was needed compared with the landmark-based approach. The ultrasound-guided method was also associated with a longer duration of the procedure. A study compared the dorsal penile nerve blocks alone with dorsal penile nerve blocks and general anaesthesia. 81 The authors found that only the patients from the penile nerve block and general anaesthesia group required additional analgesia in the PACU. PACU time and incidence of nausea and vomiting were also significantly higher in the block and general anaesthesia group. Another group looked at pudendal blocks vs penile nerve blocks for circumcision procedures. 83 The authors
show that the pudendal block group had significantly lower postoperative pain scores and fewer postoperative analgesic use compared with the dorsal penile nerve block group at 0 and 6 h.
Other urological procedures
One study investigated the effect of different local anaesthetics (ropivacaine vs bupivacaine) on pain outcomes for caudal blocks in children undergoing ambulatory surgical procedures. 84 No difference in postoperative analgesia outcomes was detected between the study groups. Two investigations evaluated the use of a regional anaesthesia for hypospadias procedures. 85 86 One study found the caudal block to be superior compared with a penile block with regard to the need for postoperative rescue analgesia. 85 Another study examined the effect of the penile block timing for hypospadias repair in children. 86 They found that a penile block performed before and at the conclusion of surgery provided better postoperative pain control at 3 and 12 h postoperative when compared with either a single penile block before surgery or at the conclusion of surgery. Tripi and colleagues 87 examined if caudal blocks with bupivacaine and epinephrine provided better postoperative pain vs bupivacaine, epinephrine, and clonidine in children undergoing ureteroneocystostomies.
Discussion
The most important finding of the current investigation was the lack of sufficient clinical trials to support the use of regional anaesthesia techniques in order to reduce postoperative pain for the vast majority of paediatric procedures. In contrast, no significant morbidity was attributed to regional anaesthesia techniques in more than 5000 patients examined in the current investigation. Since regional anaesthesia has been shown to be a valid strategy to improve postoperative pain outcomes in the adult population, 89 -91 our review calls for the large need to further examine the effect of regional anaesthesia techniques on postoperative pain outcomes in paediatric patients. We could only find enough evidence to support or refute the use of regional anaesthesia in order to improve analgesia in very limited circumstances. Among the strongest evidence to support the use of regional anaesthesia were paravertebral blocks for inguinal surgery (two studies), infraorbital blocks for cleft lip repair (five studies), and ring blocks (three studies) for circumcisions. Even for those types of blocks where more than one study was available, group comparisons were quite heterogeneous which limited our ability to provide a quantitative analysis. For example, the two studies supporting the use of paravertebral block for hernia repairs were performed using ultrasound guidance by the same authors, but they utilized different local anaesthetic solutions. 49 55
Despite the paucity of studies to support the use of specific regional anaesthesia techniques in children, few studies have actually demonstrated lack of benefit. Among the strongest evidence for lack of regional anaesthesia benefit is the use of auricular block for otologic surgery (three studies). In several conditions such as the skull block for craniectomies or the glossopharyngeal block for adenotonsillectomy surgery, only one very small single-centred randomized trial suggested potential benefits which further warranted the need for additional studies.
It was interesting to note that even for established regional techniques such as the caudal block, the evidence for procedure-specific indications is not currently well defined. For inguinal surgeries, one study demonstrated mixed results when the caudal block was compared with the control. 64 For circumcisions, the caudal block demonstrated conflicting results on analgesia outcomes when compared with the penile block. 74 83 Since it has been recommended that analgesic interventions should be procedure-specific, more clinical trials evaluating the caudal block for specific procedures are needed.
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The use of ilioinguinal block to mitigate postoperative pain in children after hernia repair also resulted in conflicting results. 50 55 57 Nevertheless, several studies have focused on the evaluation of different techniques, 53 56 59 63 use of different local anaesthetic solutions, 52 54 61 or even the use of block adjuncts. 58 It still remains to be determined if the ilioinguinal block is effective to minimize postoperative pain after hernia repair. Future studies should further examine the efficacy of the ilioinguinal block to minimize postoperative pain in children. Several trials evaluated the use of perineural drug adjuncts to augment the analgesic effects of local anaesthetics. We noted that, in some circumstances, perineural adjuncts were used, despite the lack of studies that demonstrated beneficial analgesic when local anaesthetics were used alone. For example, one study did not detect beneficial analgesic effects of clonidine when added to ropivacaine for axillary block. 37 Ketamine has been found to augment caudal block analgesia, but its safety has been previously questioned. 95 -97 The safety of perineural adjuncts has been also questioned in the adult population. 98 99 We believe that it is more important to establish the efficacy of each specific block first than to evaluate adjuncts with limited data on safety. The use of ultrasound compared with nerve stimulator/ landmark techniques to improve postoperative analgesia in paediatric patients generated conflicting results. Even for the same nerve block such as the penile block for circumcision, two studies revealed contradictory results. 71 73 Although the use of ultrasound for regional anaesthesia demonstrated a higher success rate and a lower risk for an accidental vascular puncture compared with nerve stimulator guidance in the adult population, the benefits on analgesic outcomes were small. 100 With the exception of the study of Carney and colleagues, 32 the studies included in the current systematic review did not include a 'sham block' but frequently used no interventions.
McGuirk and colleagues 101 have developed a grading scale in order to classify studies regarding the risks of a sham block. Based on our current review, the risks associated with the majority of regional anaesthesia techniques in children should not be an impediment to the use of a sham block. In contrast, Waisel and Truog 102 suggested that placebo controls should only be used in non-vulnerable patient populations. It is likely that barriers to perform randomized control trials in children have contributed to the lack of regional anaesthesia studies in paediatric patients, especially when comparing with the adult population. 103 -106 Barriers to paediatric research contribute to create equity problems in child health. 107 Commonly cited barriers include: difficult recruitment, lack of funding, and ethical concerns. 108 Those barriers have also contributed to poor design of randomized controlled trial in children and a high rate of biases in paediatric clinical trials. 109 Our review should only be interpreted in the context of its limitations. Since the comparisons were quite heterogeneous (different drugs, adjuncts, or both) and the number of studies for the same surgical procedure was small, we did not perform a quantitative analysis and limited our review to a qualitative evaluation. We could not quantitatively evaluate the presence of publication bias and it is possible that the negative studies evaluating analgesic outcomes after regional anaesthesia in paediatrics were never published. We also did not examine if variations on the block technique affected the pain outcomes, unless the evaluation of the technique was the primary objective of the study.
In summary, we performed a systematic review to evaluate the effect of regional anaesthesia techniques on postoperative pain outcomes in paediatric patients. Currently, only a very limited number of regional anaesthesia techniques for a restricted number of surgical procedures have demonstrated significant improvements on postoperative pain outcomes. More studies are warranted in order to establish regional anaesthesia as an optimal strategy to improve analgesia in paediatric surgical patients.
